Introduction
One new Resource Conservation and Recovery Act (RCRA) groundwater assessment well was installed at single-shell tank Waste Management Area (WMA) S-SX in fiscal year 2005 to fulfill commitments for well installations proposed in Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement; Ecology et al. 1989 ), revised Milestone M-24-57 (2004 . The need for the new well, well 299-W22-47, was identified during a data quality objectives process for establishing a RCRA/ Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)/Atomic Energy Act (AEA) integrated 200 West and 200 East Area Groundwater Monitoring Network (Byrnes and Williams 2003) .
Well 299-W22-47 is located downgradient of WMA S-SX. The purpose of the well was to complete the groundwater detection and assessment network for the WMA and to bound the downgradient and lateral extent of the nitrate and technetium-99 contamination plume emanating from the WMA. This report provides the information obtained during drilling, characterization and installation of well 299-W22-47.
Well 299-W22-47
Well 299-W22-47 (well ID C4667) was installed between January 2005 and March 2005. The location for the well is shown on Figure 1 . The new well was constructed to the specifications and requirements described in Washington Administrative Code (WAC) 173-160, the groundwater monitoring description of work for drilling and installation, 1 and specifications used by Fluor Hanford, Inc. (FHI), Richland, Washington. During drilling and construction of the well, sampling and analysis activities were conducted to support field screening for radiological and chemical contaminants, to collect sediment grab samples for geologic descriptions, and to characterize the vertical extent of contamination in the upper part of the unconfined aquifer.
This document provides a compilation of all available geologic data, spectral gamma ray logs, hydrogeologic data and well information obtained during drilling, well construction, well development, pump installation, aquifer testing, and sample collection/analysis activities. Appendix A contains the Well Summary Sheets, the Well Construction Summary Report, the geologist's Borehole Log, well development and pump installation records, and well survey results. Appendix B contains analytical results from groundwater samples collected during drilling. Appendix C contains complete spectral gamma ray logs and borehole deviation surveys. The results of hydrologic testing will be published separately. Additional well construction documentation is on file with FHI. Also, the Records Management Information System (RMIS) and the Hanford Well Information System (HWIS) [http://apweb02/cfroot/rapidweb/phmc/cp/hwisapp/] are two electronic databases that also contain drilling and construction records for these four wells.
English units are used in this report to describe drilling and well completion activities because that is the system of units used by drillers to measure and report depths and well construction measurements. Conversion to metric can be done by multiplying feet by 0.3048 to obtain meters or by multiplying inches by 2.54 to obtain centimeters.
Drilling and Sampling
Well 299-W22-47 (well ID C4667) was drilled with a dual-wall percussion (diesel hammer) drill rig from surface to a total depth of 348.6 ft below ground surface (bgs). The borehole was drilled through the uppermost 120 ft of the unconfined aquifer. Temporary 9-in. outside diameter (OD), dual-wall casing was used during drilling to total depth. Drilling began on January 4, 2005, and total depth was reached on January 21, 2005.
Grab samples of sediment for geologic description and archive were collected at approximately 5-ft intervals from ground surface to total depth. The samples were collected in 1-pint glass jars and transferred to the Hanford Geotechnical Sample Library, located in Building 3718A/B in the 300 Area. Also, three 2-ft-long split spoon samples were collected from 15 to 17 ft bgs, 20 to 22 ft bgs, and 25 to 27 ft bgs. These samples were transferred to Pacific Northwest National Laboratory (PNNL) for hydrologic testing.
Sediments encountered during drilling were predominantly unconsolidated sand with minor sandy gravel of the Hanford formation from approximately 5 to 133 ft bgs. Fine to medium sand with minor calcareous silty layers and gravelly sand and sandy gravel of the Cold Creek unit make up the sediments between about 133 and 158 ft bgs. The Taylor Flat member of the Ringold Formation occurs between about 158 and 182 ft bgs and consists of coarse sand. The Ringold Formation, member of Wooded Island unit E occurs between 182 ft bgs and total well depth at 348.6 ft bgs. The unit E in well 299-W22-47 is dominantly sandy gravel that is strongly cemented in places. The field geologist's borehole log, along with the well construction summary report, as-built diagram, well development and pump installation records, and well survey results are included in Appendix A.
Water was encountered at a depth of 228 ft bgs. Two types of groundwater samples were collected from well 299-W22-47; air lifted samples and pumped samples. Air lifted samples of slurry and groundwater were collected every 5 ft throughout the drilled part of the aquifer. The samples were collected in new, labeled 1-gal jars and allowed to set at least over night so that most particulates could settle to the bottom. Samples were not kept cold during the settling period. Aliquots of the groundwater were then pumped through a filter into smaller sample containers for transport to the laboratory.
Pumped samples were collected from well 299-W22-47 at 20-ft intervals throughout the drilled part of the aquifer. The samples were collected after purging the well for at least one hour. The samples were put into pre-labeled, and preserved (for chromium) bottles and delivered to the laboratory.
All samples were analyzed for technetium-99 and chromium by inductively coupled plasma -mass spectrometry and for anions by ion chromatography. All analytical results are given in Appendix B and the analytical results are discussed in Section 2.4.
Four series of slug tests were performed in well 299-W22-47 as it was being drilled. The tests were done at depths of 235.4 to 241.7 ft bgs, 249.0 to 259.0 ft bgs, 285.5 to 293.4 ft bgs, and 338 to 348 ft bgs.
Two different stresses were used during each series of tests. Details of the tests and the test results will be published separately. 3 The borehole and drill cuttings were monitored regularly for volatile organics and radionuclides. All volatile organic and radionuclide monitoring found less than detection values. A total gamma ray log was run on January 25, 2005, by Stoller Corporation. No manmade radionuclides were noted. The gamma log is provided in Appendix C.
Well Completion
The permanent casing and screen were installed in well 299-W22-47 in January 2005. A 35-ft-long, 4-in. inside diameter (ID), stainless steel, continuous wire-wrap 20 slot (0.02-in. slot) screen was set from 263.7 to 228.7 ft bgs. A 2-ft sump with end cap extends from the bottom of the screen to 265.7 ft bgs. The permanent well casing is 4-in. ID, stainless steel from 228.67 ft bgs to 1.47 ft above ground surface.
The borehole was backfilled with 10-20 mesh silica sand from 348.6 to 274.9 ft bgs and with 1/2 inch bentonite pellets from 274.9 to 269.9 ft bgs. The screen filter pack is composed of 10-20 mesh silica sand and placed from 269.9 to 218.1 ft bgs. The annular seal is composed of 1/4-in. bentonite pellets from 218.1 to 212.8 ft bgs and granular bentonite crumbles from 212.8 to 10 ft bgs. The surface seal is composed of Portland cement from 10 ft bgs to ground surface. A 4-ft by 4-ft by 6-in. concrete pad was placed around the well at the surface. A protective well head casing with locking cap, four protective steel posts, and a brass marker stamped with the well identification number and Hanford well number were set into the concrete pad. Appendix A contains the well construction and well summary reports.
A vertical borehole survey was conducted using a downhole gyroscope in the completed well to determine the bottom location relative to the vertical projection. The survey found that at a measured depth of 255.70 ft, the true vertical depth of the well is 255.25 ft, a difference of 0.45 ft. Gyroscope survey results are located in Appendix C.
The vertical and horizontal coordinates of the well were surveyed on April 26, 2005. The horizontal position of the well is referenced to Washington Coordinate System, South Zone, NAD83(91). The vertical datum is NAVD 1988. Survey data are included in Table 1 
Well Development and Pump Installation
Well 299-W22-47 was developed on March 9, 2005 at three different intervals using a temporary, 5-horsepower submersible pump. The depth to water was measured at 231.80 ft below top of casing (btc) prior to development. (Protective casing stick-up is 2.47 ft.) A pressure transducer was installed above the pump and connected to a Hermit datalogger to monitor water level during development. A total of 2,282 gal of water were pumped. Final depth to water was measured at 231.90 ft btc after development. Table 2 contains the well development information. 
Results of Groundwater Analyses
Groundwater samples were collected in borehole 299-W22-47 as described in Section 2.1 above. All analytical data are given in Appendix B. Selected analytical results are shown in Figure 2 and Table 3 .
The concentrations of technetium-99 and nitrate show very good correlation with each other throughout the sampled part of the aquifer. The maximum concentrations are between about 12 and 60 ft below the water table and there is a rapid concentration decrease at 70 to 75 ft below the water table. The maximum concentration of carbon tetrachloride is at 40 ft below the water table, although the concentration of carbon tetrachloride was only measured in pumped samples collected at 20-ft intervals.
The maximum concentration of chromium is about 40 ft below the water table. The chromium concentration decreases to near 1 μg/L between 60 and 80 ft below the water table. Only chromium concentrations from pumped samples are shown on Figure 2 . Analysis of chromium values in all samples show a substantial difference between the air lifted and pumped results with the air lifted samples having lower concentrations. The groundwater associated with the air lifted samples was in contact with the drill cuttings for at least 12 hours before analysis. It is probable that the soluble Cr 6+ was reduced to insoluble Cr 3+ by being in contact with crushed basalt in the drill cuttings. Extensive purging of the well before collection of the pumped samples removed most or all of the groundwater affected by drilling so that the resulting chromium concentrations were much less affected by reducing conditions created during drilling. 
Aquifer Tests
Four slug tests were performed as the well was being drilled. Approximate depths of these tests are 235.4 to 241.7, 249 to 259, 285.5 to 293.4, and 339.3 to a horizontal projection of the borehole in current point. ToolFace Gravity: An angle between tool reference mark direction and a tangent to a horizontal projection of the borehole. ToolFace Gyro: An angle between tool reference mark direction and initial Survey Sight direction (which is gyroscope direction, if gyro drift =0).
